Abstract-A study was conducted to investigate the effect of light assembly task on upper limb muscles (biceps brachii and upper trapezius) and brain activities. The task was conducted in two levels of time pressure (No time-stress and time-stress levels). Each task was done for one hour experiment. Surface electromyography (SEMG) measured upper limb muscle activities from six subjects. The results indicated that the biceps brachii and upper trapezius activities tend to increase as the increase of time. It indicated muscle fatigue. Electroencephalography (EEG) was simultaneously recorded with SEMG to record brain activities from Fz, Pz, O1 and O2 channels. EEG alphas RMS were higher on the task with time-stress than task without time-stress. The significant correlation was found between SEMG RMS and EEG alpha RMS. Thus, there was relation between upper limb muscle and brain activity while doing the light assembly task.
I. INTRODUCTION
Worker fatigue is one of the most prevalent root causes of earth-moving equipment accidents in the industry [1] . In light of growing public awareness of the impact of fatigue on both employee health and on public safety in general, many industries including mining, utility providers, medical services, transportation, on-highway transport, rail, aviation, etc. are looking for technology to provide a solution to the fatigue problem. It was postulated that fatigue effects were as a result of work (daily or weekly), shift changes, illumination and ventilation, workplace design, and plant layout. It is also widely accepted that night shift work, circadian disruption, sleep loss, long working hours, monotonous and unstimulating tasks lead to lowered alertness, decreased vigilance and a build-up of fatigue [2] .
Fatigue can occur because of either brain or muscle activity. The concept of mental fatigue earlier introduced by Grandjean [3] was clearly differentiated mental fatigue from muscle fatigue. He defined that muscle fatigue was concerned on the reduced muscular system performance while mental fatigue deals with much reduced mental performance and the sense of weariness.
Jensen et al. [4] defined muscle fatigue as failure to maintain the required or expected force or power. It is associated with physically monotonous or repetitive work, but more recent studies also report an association between psychosocial factors at the work place and an indicator of developing a work-related musculoskeletal disorder (WMSD) [5] . Light-assembly work is a clear example of low intensity work with elevated risks of neck and shoulder disorders [6] .
When people become fatigued, besides muscle fatigue, they usually report difficulties in concentrating and focusing their attention on the tasks they are required to perform [7] . It is one indication of mental fatigue. A number of mental fatigue tests have already been adopted, but it still hard to draw a generalized conclusion as to the method of selecting the most appropriate test battery for a given workload [8] .
Based on the empirical review, there are many studies on muscle fatigue. Some of the studies analyzed muscle fatigue during repetitive tasks. They found that time pressure, lack of influence over one's work and constant involvement in repetitive tasks of short duration often characterize jobs associated with a high risk for muscular problems.
In contrast to muscle fatigue, relatively few studies investigated on both muscle and mental fatigue. However, most studies observed the impact of brain activities that direct to muscle and mental fatigue [9] [10] [11] [12] [13] [14] [15] . Most studies in the review were carried out using laboratory experimental method, and only a few were carried out by survey. Electromyography (EMG) is the most popular tool for measuring muscle activation and fatigue. While blood pressure, blink rate, and heart rate were rarely used. On the other hand, there is still a few studies that using a specific tool to measure mental fatigue, such as Electroencephalography (EEG). In addition, measurements of workers performance were also carried out in the same experiment, for example precision and time performance.
In summary, light assembly task in modern industry has proved as one of the factors that could cause MSD among workers. And there were many studies investigated about muscle fatigue in assembly task. But there are still a few researches that determine the correlation between upper limb muscle and brain activities during light assembly task. Therefore, this study investigated the effect of light assembly task on upper limb muscles (Biceps brachii and upper trapezius) and brain activities. The study also finds out the relation between upper limb muscle and brain activities while doing light assembly tasks. It is hoped from this study, ergonomists and industrial engineers are able to design the job that proper to worker's limitation and capability.
II. SUBJECTS AND METHODS

A. Subjects
Six subjects consisted of three males and three females from the university population were recruited to participate in the experiment. These subjects were selected based on age (20-30 year-old) and have no history of musculoskeletal problems and right handed with normal or corrected-to-normal vision.
B. Apparatus and Material
Equipment used during the experiment:
• Surface Electromyography (SEMG) Telemyo "2400" Gen2 Telemetric Real Time 8 channel SEMG System will be used to record electrical activity of muscles • Disposable surface electrodes Ag/AgCl/Solid Adhesive pregelled.
• EEG BIOPAC MP150 System with AcqKnowledge 4.0 software and Electrode Cap (CAP100C) • Lego Mosaic 6162 (Construction block)
C. Procedure
The subjects had to perform a one hour simulated light assembly task at two levels of time pressure (No time-stress, NTS and time-stress, TS). To become familiar with the experimental equipment and procedures, a training session was performed before the start of experiment. All session were performed in a laboratory at a temperature of 25 0 C. The subjects were seated in the ergonomics chair with the back vertical and the feet in full contact with the floor or with a footrest. The desk was adjusted to elbow height so that the upper arm and forearm formed 90 0 angles when the hand was positioned at the middle of the desk and the upper arm was vertical.
D. Task
The experiment task consisted of constructing and breaking down the Lego mosaic using Lego blocks placed in front of the subjects. Each level was done for 1 hour experiment without break. The construction of the Lego is based on manual that is given in the experiment. The subjects picked and placed the Lego block from the boxes which are placed in normal reach area of the subjects, to the assembly part using their right hands ( Figure 1 ). The small Lego blocks were put in the boxes based on the colour. 
E. Measurement
SEMG signals were recorded from two muscles: biceps brachii and descending part of the upper trapezius on the right hand. Bipolar Ag/AgCl surface electrodes were placed with an inter electrode distance of 20 mm at the belly of muscles. The electrode positions were located according to Hermens et al. [16] . A reference electrode was placed on the piciform bone. Before the electrodes were applied, the skin was shaved, scrubbed and cleaned with alcohol. Raw SEMG signals were sampled during the test contraction with a sample frequency of 1500 Hz and band-pass filtered (20-400 Hz). The amplitude values were normalized to the SEMG values measured during the task. Data were continuously recording using Telemyo 2400T G2 Telemetry EMG System. The Maximum Voluntary Contraction (MVC) was measured from the subjects before starting the task.
Electroencephalography (EEG) recorded brain activity simultaneously with surface EMG using international 10-20 electrodes placement system (Andreassi, 2000). EEG was recorded from Fz, Pz, O1, and O2 using an electrode cap with an electronically earlobe reference. Data were continuously recording for 1-h with an MP150 system and analysed with AcqKnowledge 4.0 (BIOPAC Systems Inc.). 
F. Statistical Analysis
Normalized SEMG Root Mean Square (RMS) and EEG alpha RMS data were analysed by using SPSS. While for processing and filtering the signal, the software available together with the hardware was fully used. Shapiro-Wilk test was used to analysis the normality of the data. It was found that the data was normally distributed. One-way ANOVA was used to find the significant difference of SEMG and EEG alpha RMS between time intervals.
Paired samples t-test was used to investigate the difference of RMS of SEMG between NTS and TS task for two muscles. Paired-samples t-test was also used to find the difference of EEG alpha RMS between NTS and TS task for Fz-Pz and O1-O2 channels. Significance was accepted at p<0.05. Correlation analysis is carried out to examine the relationship between mean SEMG RMS and EEG alpha RMS.
III. RESULTS
A. Surface EMG and EEG Alpha RMS
The Figure 3 below showed the normalized RMS of SEMG on the TS task for all subjects in one hour experiment. The data divided into 12 interval time. Analysis using one-way ANOVA found that RMS for biceps brachii and upper trapezius were not significantly difference between each interval time, in both NTS and TS task levels. Even though they were not different significantly, the graph showed the RMS of the two muscles tended to increase as the increasing of time. Upper trapezius had the highest RMS value compared to biceps brachii muscles. The RMS of EEG alpha was found higher on O1 and O2 than Fz and Pz channels. It was also found that there were no significant differences of EEG alpha RMS between each interval time. Figure 4 demonstrated that EEG Alpha RMS was higher on the TS than NTS task, although it was not significantly different. It indicated that TS task can cause mental fatigue previously to the subjects than NTS task, since alpha activity rises in drowsiness.
B. Paired-samples T-Test
Paired-samples t-test found that the SEMG RMS of subjects for all muscles was not significantly different between the NTS and TS task. The same result was also found in the EEG alpha RMS for all channels. Table 1 below summarized the correlation analysis between muscle and brain activities. It showed that for NTS task, the pvalue of correlation between RMS of upper trapezius muscle and alpha RMS of Fz-Pz was less than 0.05 (r=0.934, p=0.006). Therefore there was a strong, positive, and significant correlation between upper trapezius and brain activity on Fz and Pz channels. It indicated that if upper trapezius muscle activity increase, brain activity on Fz and Pz channels will increase. These results were opposite with RMS of biceps brachii muscle and alpha RMS of O1-O2 channels. The correlation between these RMS was a strong and significant correlation, but the r-value was negative (-0.900). It indicated that if biceps brachii muscle activity increase, brain activity on O1 and O2 channels will also increase. However, the significant correlation between muscle and brain activities was not found on task with stress time, because the p-value>0.5.
IV. DISCUSSION
In the current study, the muscle activity was investigated in the laboratory on subjects while doing repetitive task. The study found the indication of muscle fatigue on subjects while doing the task. Muscle fatigue can be characterized by a feeling of tightening in the muscle, a sustained cramp with a deep and intermittent pain, and a continuous pain with a desire to cease the work or activity. Indications of muscle fatigue include an increase of the EMG amplitude and a decrease of the mean power frequency (MPF) [17] .
The findings of this study were accordance to some previous researches which found that the upper limb muscles are common site of chronic and work-related disorders in repetitive light tasks. The study found that upper trapezius has the highest normalized RMS, followed by biceps brachii during a 1-hour experimental task. Therefore, upper trapezius can be the reference muscle in detecting muscle fatigue. Figure 3 has shown that normalized RMS tended to increase with time. It indicated muscle fatigue appeared on the muscles. Even though the study showed signs of fatigue but it did not increase significantly. It can be explained because the task is a light load task, therefore to detect such differences; the longer time of experiment may be needed.
The differences of RMS between two levels of the task (No time-stress and time-stress) were not significantly different. The explanation for these results was the Lego parts was too small in size, so the subjects rather difficult to pick, place and assemble the parts on its plate. Therefore the task cannot be performed as faster as possible.
EEG is sensitive to variety of states ranging from stress state, alertness to resting state, and sleep. During normal state of wakefulness with open eyes, beta waves are dominant. In relaxation or drowsiness alpha activity rises and if sleep appears power of lower frequency bands increase [18] . This study found that the RMS of EEG alpha was higher on the TS task than NTS task. It indicated that TS task can cause mental fatigue previously to the subjects than NTS task.
In relation to correlation analysis, it has been found that there is a strong, positive and significant correlation between RMS of SEMG and RMS of EEG alpha on the NTS task. It is surprised that the correlation was not significant on the TS task. It was needed more subjects and longer time to do experiment in order to find out the differences. Nevertheless, the study has showed that there was relation between upper limb muscle and brain activities while doing the light assembly task.
V. CONCLUSSION
The experiment results showed that there is a relation between muscle and brain activities while doing light assembly task. As the increased of the time, the tasks increase the activities of muscle and brain. If there is no rest or break time, the task done in the longer time can cause muscle and mental fatigue. Therefore, it is important to design a job task that consider workers' capacity and capability related to physical and mental, in order to prevent muscle and mental fatigue. Since there is still few studies investigated on muscle and mental fatigue in industry, so it is proposed that for future directions, it will be developed a quantitative model for predicting time to muscle and mental fatigue in industry, which would be potentially applicable to the management of fatigue.
